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POLYMERIC MATERIAL WITH RESISTANT STRUCTURE 

AND METHOD OF MAKING THE SAME 

The present application claims priority to U.S. 
Provisional patent application Serial No. 60/347,691, 
5 filed January 11, 2002, and entitled "PENETRATION 
RESISTANT POLYMERIC MATERIAL WITH GUARD PLATES AND 
METHOD OF MAKING THE SAME". 

BACKGROUND OF THE INVENTION 
The present invention relates to a flexible 

10 material having a resistant structure. In particular, 
the present invention relates to an elastomeric or 
polymer material including a penetration or cut 
resistant structure. 

Latex or elastomeric gloves are worn to provide 

15 sterile protection during medical procedures or food 
preparation. Gloves made of latex or elastomeric 
materials provide good tactile sensitivity and 
flexibility so that the user can undertake various 
tasks without significant restriction. However, latex 

20 gloves do not typically provide cut or penetration 
resistance. Prior efforts to provide cut or 

penetration resistance for latex gloves have 
compromised tactile sensitivity or flexibility of the 
glove. The present invention provides a solution to 

25 these and other problems and provides advantages and 
features not recognized nor appreciated by the prior 
art. 
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SUMMARY OF THE INVENTION 
The present invention relates to an elastomeric or 
polymer material having enhanced cut or penetration 
5 resistance. The elastomeric or polymer material 
includes a resistant structure to provide penetration 
or cut resistance while providing tactile sensitivity 
i*l and flexibility. 

Cj BRIEF DESCRIPTION OF THE DRAWINGS 

|f| 10 FIG. 1 schematically illustrates a polymer or 

JI elastomeric material having a resistant structure. 

FIG. 2 schematically illustrates an array of 
relatively hard or resistant guard plates. 

FIG. 3 is a cross-sectional illustration taken 
15 along line 3—3 of FIG. 2 of the hard or resistant guard 
plates . 

FIG. 4 is a schematic illustration of a resistant 
infrastructure between polymer or elastomeric layers. 

FIG. 5 schematically illustrates one embodiment of 
20 a material having a resistant infrastructure between 
polymer or elastomeric layers. 

FIG. 6 schematically illustrates another 
embodiment of a material having a resistant 
infrastructure between polymer or elastomeric layers. 
25 FIG. 7 schematically illustrates an alternate 

material having a resistant infrastructure between 
polymer or elastomer layers. 

FIG. 8 illustrates a glove having a reinforced 
portion. 
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FIG. 9 schematically illustrates one embodiment of 
a glove having a reinforced portion . 

FIG. 10 schematically illustrates another 
embodiment of a glove having a reinforced portion. 
5 FIGS. 11-15 schematically illustrate embodiments 

of a resistant infrastructure for the reinforced 
portion of a glove. 

FIG. 16 illustrates a fabrication embodiment for a 
resistant infrastructure including glass particles or 
10 beads. 

FIG. 17 illustrates a fabrication embodiment for a 
glove having a reinforced portion. 

FIG. 18 schematically illustrates a material 
embodiment including multiple infrastructures or layers 
15 interposed in an interspatial pocket between 
elastomeric or polymer layers. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Elastomeric or polymer materials provide a barrier 
with desired flexibility and suppleness for various 
20 applications, including surgical gloves. However, 
elastomeric or polymer materials or gloves do not 
provide enhanced cut or penetration resistance. The 
material of the present invention includes a 
penetration resistant structure 100 as schematically 
25 shown in FIG. 1 to enhance cut or penetration 
resistance for a flexible elastomeric or polymer 
substrate or material 102. 

In one embodiment shown in FIGS. 2-3, the 
resistant structure 100 includes a plurality or array 
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104 of relatively hard or resistant guard plates 106 
to provide penetration or cut resistance. The guard 
plates 10 6 are formed of a material having a higher 
penetration resistance than the flexible polymer 
5 substrate or material 102. In the embodiment shown the 
penetration resistant material of the guard plates is 
relatively rigid and thus the guard plates are arranged 
in an array having a gap 108 or void between adjacent 
guard plates 106. The shape and dimension of the guard 
10 plates 106 and gap 108 are sized to optimize coverage 
of the guard plates 106 to provide penetration 
resistance while providing a sufficient gap or 
separation to provide relative flexibility for varied 
applications. 

15 A hexagonal pattern, such as that illustrated in 

FIG. 2, provides one pattern to optimize suppleness and 
cut or penetration resistance of the material. 
Although a particular hexagonal pattern is shown 
application is not limited to a hexagonal pattern or 

2 0 the particular pattern shown. The guard plate array 
104 is formed on a flexible elastomeric or polymer 
substrate to provide penetration resistance for the 
elastomeric or polymer material or structure 

As schematically illustrated in the embodiment of 

25 FIG. 4, the material or structure includes flexible 
polymer or elastomeric layers 110, 112 and a 
penetration or cut resistant infrastructure 114 between 
the elastomeric or polymer layers 110, 112. In one 
embodiment resistant infrastructure 114 includes a 
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guard plate array as illustrated in FIGS. 2-3 formed on 
a polymer substrate and interposed between the 
elastomeric layers 110, 112 to form the resistant 
infrastructure 114. The guard plate array includes 
5 guard plates having a higher penetration resistance 
than the elastomeric or polymer layers 110, 112. 

In one embodiment illustrated in FIG. 5, the 
resistant infrastructure 114-1 includes a guard plate 
array 104 formed on a substrate layer 120 and the 

10 resistant infrastructure 114-1 is interposed between 
the polymer layers 110, 112. The guard plates of the 
guard plate array are formed of a material having a 
higher penetration resistance than the elastomeric 
layers 110, 112. As schematically shown, a seam 122 

15 connects a portion of layers 110, 112 to form an 
interspatial pocket 124 between the layers 110, 112 
having the resistant infrastructure 114-1 disposed 
therein. 

As shown, the elastomeric layers 110, 112 form 
20 outer surfaces 126, 128 of the material and the 
resistant infrastructure 114-1 is interposed 
therebetween to enhance cut and penetration resistance. 
In the illustrated embodiment, the infrastructure 114-1 
is floatable disposed in the interspatial pocket 124 to 
2 5 limit interference with the flexible elastomeric layers 
110, 112. The gaps 108 between guard plates 106 are 
void space and are not back filled with material which 
can interfere with and degrade flexibility of the 
resistant infrastructure or material. 
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In another embodiment illustrated in FIG. 6, one 
of the elastomeric layers 110, 112 forms a substrate 
for the guard plate array 104. As shown, the guard 
plates 106 are formed on layer 112 and seam 122 
5 connects a portion of layers 110, 112 to form the 
interspatial pocket 124 having the guard plates 106 
disposed therein. Similarly the guard plates 106 are 
separated by a void space or gap 108 in the 
O interspatial pocket 124 to limit interference with 

in 10 flexibility of the reinforced structure or material. 

' j * wb The polymer or elastomeric layers 110, 112 form 

Sit 

13 flexible outer surfaces 126, 128 of the reinforced 

•L polymer or elastomeric structure. 

IIS In an alternate embodiment as illustrated 

i 5 | 15 schematically in FIG. 7, the resistant infrastructure 

114-3 includes a flexible cut or penetration resistant 
fabric or material having a higher penetration 
resistance than the polymer or elastomer layers 110, 
112. The resistant infrastructure 114-3 is formed of a 
20 flexible penetration resistance fabric or fiber 
material such as Kevlar® (available from E.I. Du Pont 
de Nemours and Company of Wilmington Delaware) or 
Spectra ® a ultra high molecular weight polyethylene 
available from Honeywell Corp. of Morristown, New 
25 Jersey as illustrated schematically. The resistant 
infrastructure 114-3 is flexible to limit interference 
with suppleness and provides cut or penetration 
resistance for the polymer or elastomeric layers 110, 
112 of the material. 
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Elastomeric gloves such as latex gloves provide a 
sterile interface for food preparation, medical and 
other applications. Such gloves can be produced 
inexpensively so that the gloves can be worn and 
5 discarded after use. As previously discussed, gloves 
formed of flexible elastomeric or latex materials do 
not provide significant cut or penetration resistance. 

As illustrated in FIG. 8, the present invention 
includes an elastomeric glove 130 having a glove body 

10 132 including a reinforced body portion 134 including a 
flexible resistant structure or infrastructure. 
Although in the illustrated glove of FIG. 8 a 
particular reinforced portion is shown, application is 
not limited to any particular reinforced region and the 

15 whole glove or other portions of the glove can be 
reinforced. 

FIGS. 9-10 illustrate alternate structural 
embodiments for a reinforced glove where like numbers 
refer to like parts in the previous FIGS. As shown in 

20 FIG. 9, glove body 132-1 encloses a body cavity 136. 
In the embodiment of FIG. 9, the glove body 132-1 
includes multiple elastomeric layers 140, 142. 
Portions of the layers 140, 142 include a resistant 
infrastructure 114 therebetween to form the reinforced 

25 body portion 134 of the glove. 

In particular, in the embodiment illustrated in 
FIG. 9, portions of the elastomeric body layers 140, 
142 are laminated or sealed together to form a non- 
reinforced portion 144 of the body structure and 
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portions of the body layers 140, 142 are not sealed to 
form an interspatial pocket 146 bounded by a seam 
formed by the laminated portions of the body layers 
140, 142. The flexible resistant infrastructure 114 is 
5 interposed in the interspatial pocket 146 to form the 
reinforced body portion 134. 

In the illustrated embodiment of FIG. 9, the glove 
body 132-1 is formed of multiple body sections 150, 152 
which are joined along an edge portion to form a body 

10 seam 154 of the glove 130-1. The elastomeric body 
layers 140, 142 form inner and outer surfaces 156, 158 
of the glove. The body layers 140, 142 are fabricated 
to provide a sterile outer surface and a relatively 
comfortable inner surface for interface with a hand 

15 inserted into the body cavity 136 of the glove for 
medical, food preparation or similar applications. 

In particular, for medical or similar 
applications, the polymer or elastomeric body layers 
140, 142 are formed of a breathable liquid impermeable 

2 0 material. The breathable material is a gas permeable 
material to allow air to circulate in and out and 
evaporated perspiration to escape therethrough. For 
example, the body layers 140, 142 can be fabricated of 
a polyurethane material which provides a breathable, 

25 liquid or fluid barrier for comfort and the 
infrastructure 114 can include guard plates 106 formed 
of a curable resin or epoxy (such as a UV curable resin 
or epoxy) for cut or penetration resistance. 
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FIG. 10 illustrates an alternate glove body 
structure 132-2 having a reinforced body portion 134. 
As shown, the reinforced body portion 134 includes 
multiple elastomeric or polymer body layers 140, 142 
5 which are connected along a seam 160 to form the 
interspatial pocket 146 for the resistant 
infrastructure 114. In the illustrated embodiment, 
single body layer 140 forms the non-reinforced portion 
144-1 of the glove body 132-2. As shown, glove body 

10 132-2 is formed of multiple body sections 150, 152 
which are joined along an edge portion to form the body 
seam 154 of the glove. 

FIGS. 11-15 illustrate embodiments of a flexible 
resistant infrastructure 114 to form the reinforced 

15 portion of the glove body. As shown in FIG. 11, 
resistant infrastructure 114-4 includes a polymer or 
elastomeric substrate layer 162 having an array of 
guard plates 106 deposited thereon and the substrate 
layer 162 is floatable disposed in the interspatial 

20 pocket 146 formed between layers 140, 142 as previously 
described. 

In the illustrated embodiment, the substrate layer 
162 is a formed of a polymer or elastomeric material, 
such as polyurethane, having an array of guard plates 
25 106 fabricated thereon. The guard plates 106 are 
formed of a curable resin or epoxy material, for 
example a UV curable resin or epoxy such as N-51-5 UV 
curable resin available from Star Technology, Inc. of 
Waterloo, Indiana to form a flexible penetration or cut 
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resistant structure on the flexible substrate layer 
162. 

In a particular embodiment of FIG. 12, guard 
plates 106 include a glass or glass-like particle layer 
5 166 on a curable hard base layer 168 formed of a 
curable epoxy or resin. The layer of glass particles 
or beads 166 is deposited on the curable base layer 168 
prior to curing the base layer 168 to form a hard 
penetration resistant structure having a supplementary 

10 cut or puncture resistance layer in addition to the 
penetration resistant base layer. 

FIG. 13 illustrates a resistant infrastructure 
embodiment 114-5 wherein body layer 142 forms the 
substrate upon which guard plates 106 are formed. The 

15 body layers 140, 142 are sealed to form the 
interspatial pocket 146 between the body layer 140 and 
body layer 142. The body layer 142 and the guard 
plates 106 fabricated on the body layer 142 form the 
resistant infrastructure 114-5. For example, guard 

20 plates 106 can be formed of a UV curable resin or epoxy 
formed on a polyurethane body layer 142 to form the 
flexible resistant infrastructure 114-5. 

FIG. 14 illustrates another embodiment of a 
resistant infrastructure 114-6 where like numbers are 

25 used to refer to like parts in the previous FIGS. In 
the illustrated embodiment, the infrastructure 114-6 
includes guard plates 106 formed on a composite mesh 
substrate 17 0 including a wire mesh, such as a metal 
wire mesh and a relatively flexible porous polymer 
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connecting material 172, such as a polyester chiffon. 
Guards plates 106 are spaced on the substrate 170 to 
fabricate the reinforced infrastructure 114-6 including 
guard plates 106 having a wire mesh reinforced portion 
5 174 on the flexible connecting material 172. The 
fabricated infrastructure 114-6 is interposed in the 
interspatial pocket 146 between body layers 140, 142 to 
provide cut or penetration resistant for the glove on a 
flexible supple connecting material 172. 

10 In particular embodiments, the guard plates 106 

are fabricated on an elastomeric or polymer substrate 
or material by depositing a flowable curable resin or 
material and curing the flowable resin or material . The 
guard plates and substrate are formed of materials 

15 which bond or adhere when cured so that the guard 
plates adhere to the surface of the substrate to form 
the resistant infrastructure. The guard plate array 
structure having gaps therebetween can be fabricated by 
using printing, etching and/or masking processes. The 

20 flowable material is exposed to a radiation source to 
cure the flowable material to form the rigid 
penetration resistant material of the guard plates. 

In one embodiment, guard plates are fabricated on 
a polymer or elastomeric substrate via a printing 

25 process. For example, the resin material can be 
deposited on a polyurethane film substrate and cured to 
form the guard plate array. In particular, the guard 
plates can be formed of a curable resin material which 
is deposited on the polyurethane film and cured by a 
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radiation source directed at the material so that the 
guard plates bond to or adhere to the polyurethane film 
substrate. The flowable resin or material deposited on 
the polyurethane film substrate should be cured within 
5 a limited time, such as 15 minutes to limit absorption 
of the uncured resin or epoxy into the polyurethane 
substrate to limit swelling of the substrate. 

In one embodiment, the curable resin is deposited 
on the polymer or elastomeric substrate using a screen 

10 printing technique. In particular, a screen having a 
plurality of openings is placed on the substrate. A 
layer of resin is deposited in the openings of the 
screen by pulling a squeegee across the screen to fill 
the openings. Thereafter the screen is removed and the 

15 deposited material is cured to form the guard plates 
having void space therebetween. In one embodiment, the 
screen has a thickness of 10 mil and 3% cabosil (by 
weight) is added to the resin to increase viscosity of 
the resin to limit material flow after the screen is 

20 removed and prior to curing the resin. In the 
illustrated embodiment, the guard plates have a 
thickness of approximately 15 mils. 

In another embodiment, as described with reference 
to FIG. 14, guard plates 106 are fabricated on a 

25 composite mesh substrate including a polymer connecting 
layer 172 and a metal wire mesh using a masking and 
etching process. First the composite mesh substrate 
170 is embedded in a resin material so that the resin 
material absorbs into or through the substrate. A mask 
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pattern having openings to form the array of guard 
plates is used to cure portions of the resin material 
to form the guard plate array. Thereafter the uncured 
resin between cured portions is removed and exposed 
5 metal mesh portions between the guard plates is etched 
to form a plurality of metal mesh reinforced guard 
plates on a flexible polymer connecting material. 

FIG. 15 schematically illustrates another 
embodiment of a resistant infrastructure 114-7 where 

10 like numbers are used to refer to like parts in the 
previous FIGS. The resistant infrastructure 114-7 is 
formed of a relatively flexible penetration resistant 
material such as Kevlar® or Spectra®. The resistant 
infrastructure 114-7 is interposed in the interspatial 

15 pocket 146 between the flexible polymer layers 140, 142 
to provide penetration resistance for the polymer 
layers 

As previously described with respect to FIG. 12, 
the guard plates can be formed of a base layer 168 and 

20 the base layer 168 can be coated or sprayed with a 
layer of glass particles. As illustrated in FIG. 16, 
for fabrication, the curable base layer 168 is 
deposited or printed on a substrate as illustrated by 
block 180. Thereafter, a glass particle layer 166 is 

25 sprayed on the curable base layer 168 as illustrated by 
block 182 to disperse particles over a surface area of 
the base layer 168. The glass particles or beads are 
sprayed on a first surface 184 of the uncured base 
layer 168 so that the glass particles disperse or 
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adhere to a surface portion of the uncured layer. The 
spraying process allows the glass beads or particles to 
be evenly dispersed across the surface of the base 
layer, ensuring a high percentage of surface area 
5 coverage. 

Thereafter, the curable layer is cured as 
illustrated by block 186. In the illustrated 

embodiment, layer 168 is cured by supplying a radiation 
source 188 through the substrate towards a second 

10 surface 190 of the base layer 168 to cure the base 
layer 168. Since the radiation source 188 is directed 
through the second surface 190 and not surface 184 
having particles thereon, the particles are not 
interposed in the radiation path so that the particles 

15 do not interfere with or scatter the radiation 
interfering with the curing process. For example, in 
one embodiment, the glass beads or particles have a 
diameter or size of approximately 2-9 mils to provide 
supplemental penetration resistance. 

20 As previously described, the illustrative 

materials or embodiments provide a reinforced portion 
or structure for a glove. FIG. 17 illustrates a 

fabrication embodiment for a glove including a 
reinforced portion or structure. As illustrated by 

25 block 200, a flexible resistant infrastructure is 
fabricated. In particular, fabrication of the 

resistant infrastructure includes fabrication of a 
guard plate array on a substrate. For example, the 
array of guard plates may include a plurality of 
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hexagonal shaped guard plates having a minor diameter 
of about 80 mils forming a closely spaced triangular 
pattern as illustrated in FIG. 2 having a gap spacing 
between adjacent guard plates of approximately 10 mils, 
5 As illustrated by block 202, the resistant 

infrastructure is interposed between elastomeric or 
polymer body layers. Thereafter, the glove body is 
formed including an interspatial pocket between the 
body layers having the resistant infrastructure 
10 disposed therein as illustrated by block 204. In one 
embodiment, portions of the multiple body layers are 
laminated to form a seam defining the interspatial 
pocket having the resistant infrastructure disposed 
therein. 

15 In an illustrated embodiment described, the glove 

body is formed of multiple body sections including 
multiple body layers and a resistant infrastructure. 
For fabrication, the multiple body sections and 
component layers are die cut and sealed or laminated 

20 around the cut perimeter edge portions to form the 
glove body having the reinforced portion including the 
resistant infrastructure as described. The process of 
die cut and sealing the cut perimeter edge portions can 
be done in a single process step to enhance production. 

25 In particular, the body layers are formed of a 

thermoplastic material, such as polyurethane to provide 
a heat sealable seam between body sections to form a 
gas-tight and waterproof seal. In one embodiment, 
polyurethane body layers are 2 mils thick and are heat 
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sealed at a temperature of about 2 90° Fahrenheit and a 
pressure of 98 p.s.i. The seam can be formed using 
various sealing processes, for example, the seam can be 
sealed or formed using a RF (radio frequency) heating 
5 or sealing process or a dielectric heating or sealing 
process based upon the materials selected and 
application is not limited to a particular heat seal or 
seam. 

Although application of the present invention 
10 includes a resistant infrastructure including a single 
resistant structure, the resistant infrastructure can 
include multiple resistant infrastructures or layers 
210, 212 as schematically illustrated in FIG. 18 to 
provide desired penetration resistance. The multiple 
15 resistant infrastructures can include multiple guard 
plate array layers which can be disposed in the 
interspatial pocket out of registration to increase 
resistance coverage 124 of the guard plate structure or 
material . 

20 Although the present invention has been described 

with reference to preferred embodiments, workers 
skilled in the art will recognize that changes may be 
made in form and detail without departing from the 
spirit and scope of the invention. 



